Background and Objective: Excision repair cross complementing (ERCC) group genes play important roles in the nucleotide excision repair (NER) way, which can effectively remove bulky lesions and reduce UV-caused DNA damage by environmental chemicals. Polymorphisms in ERCCs were thought to be related to prostate cancer (PCa) risk. However, it has been unclear whether this relationship is consistent. This study aimed to obtain the overall profile regarding the associations between ERCCs polymorphisms and PCa risk.
Introduction
Prostate cancer (PCa) is one of the most common malignant tumors among males worldwide. Approximately 180,890 new diagnosed patients and 26,120 deaths are informed per year according to cancer statistics, 2016 [1] . A variety of risk factors such as hormones, family history and lifestyle are related to PCa. In addition, various DNA damages caused by the exposure to environmental carcinogens could also subsequently result in PCa, if left unrepaired.
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To ensure genome integrity, mankind has developed advanced DNA repair mechanism in response to the insults of carcinogens during the evolution. DNA repair mechanism is a complicated biological system composed of many different pathways. A growing body of studies had uncovered the existence of the critical relationship between individuals' ability to maintain DNA stability and tumorigenesis, progression, and therapeutic responses [2] . Nucleotide excision repair (NER) is one of the important DNA repair mechanisms, which neutralizes the consequences of mutagenic exposure of cells [3] . The NER pathway consists of many proteins involved in DNA damage recognition and incision. ERCC group genes are key factors in DNA transcription and the NER pathway, and are also believed to be important in DNA repair system. It has been demonstrated that these genes are critical for genetic stability, and defects in these genes are more likely to develop cancer and present poor cancer prognosis. For example, ERCC1 gene is a key rate-limiting enzyme acting in the NER process and ERCC5 encodes a structure-specific endonuclease catalyzing 3' incision and involving the subsequent 5' incision by ERCC1 heterodimer [4, 5] . ERCC2 participated in DNA unwinding and was important to structurally identify the irrelevant DNA lesions, such as large adducts and thymidine dimmers [6] . Therefore, variants in the ERCC group could result in defects of DNA repair abilities, genomic instability, and the failure to regulate genetic transcription [7, 8] , which might give rise to a higher susceptibility to carcinogenesis.
To date, many studies have explored the relationship between polymorphisms in ERCC genes and PCa risk [9] [10] [11] . However, the results remain conflicting instead of conclusive because of the clinical heterogeneity, diverse ethnic populations and relatively small sample size in previous published studies. In addition, individual research might have insufficient power to detect a slight effect of polymorphisms on the risk of PCa. To overcome these limitations, we performed currently updated meta-analysis to further elucidate the connection of all available polymorphisms of ERCC genes and the PCa risk.
Materials and Methods

Literature screening and identification of relevant studies
We performed the complete literature search on electronic databases of PubMed, Medline, Embase, Google Scholar, Web of Science and Wanfang databases published up to March 27, 2018 to collect eligible articles on the relationship between ERCC genes polymorphisms and PCa risk by applying below MeSH terms: "xeroderma pigmentosum group OR excision repair cross complementing group 1-10 OR ERCC1-10" AND " prostate cancer OR prostate carcinoma OR prostate tumor OR prostate malignancy OR prostate neoplasms OR prostate adenocarcinoma" AND "polymorphism OR mutation OR variant OR SNP OR genotype". The language of eligible studies was limited to English. We reviewed all retrieved articles by reading the titles and abstracts. Then, the full text of the possibly relevant studies was examined for further suitability evaluations in our present meta-analysis. Meanwhile, to identify more eligible studies, we searched the references of related studies manually. The whole studies in the meta-analysis were firstly published in the primary literature with no reproduction in other studies.
Inclusion criteria and exclusion criteria
The publications in our meta-analysis were enrolled according to the following criteria: (1) studies that were case-control studies exploring the relationship between DNA repair gene ERCC polymorphisms and the PCa risk; (2) patients should be diagnosed by histopathology examination, and controls must be cancer-free, age-and sex-matched participants; and (3) the numbers or frequencies of alleles and genotypes in patients and controls can be extracted. The exclusion criteria were: (1) studies that are not related to ERCC polymorphisms and the PCa risk; (2) reviews, conference papers, meta-analyses, duplicated previous publications; (3) only case population; or (4) no sufficient data reported.
Quality assessment and data extraction
Two researchers independently assessed and extracted all the data from the included studies, and any divergences were solved by the discussion to achieve the agreement. Generally, the following information of each study should be extracted: first author, year of publication, study country, race, sample size, genotypic methods, allele genotype and genotype distribution for each polymorphism, and P-value of Hardy-Weinberg equilibrium (HWE) in controls.
Statistical analysis
We assessed the relationship between ERCCs polymorphisms and PCa risk by calculating crude Odds Ratios (ORs) with its 95%CI. And the significance of the pooled ORs was evaluated based on the Z-test [12] . In addition, Bonferroni corrections were applied to adjust the outcomes as well, with P-values less than 0.05 were considered as statistical significant [13] . The following five genetic models: the allele model (B vs. A), the homozygous model (BB vs. AA), the heterozygous model (BA vs. AA), the dominant model (BB + BA vs. AA), and the recessive model (BB vs. BA + AA) were employed to calculate the pooled ORs of each ERCC polymorphism (A: wild allele and B: mutated allele). Heterogeneity assumption was checked by I-square test and Q statistic test [14] . When the heterogeneity cannot be ignored (I-square ≥ 50% and P ≥ 0.1), the fixed-effect model was performed [15] ; otherwise, the random-effect model was applied [16] . All analyses were conducted by Stata software (Stata Corporation, College Station, TX; version 12.0).
Linkage disequilibrium (LD) analysis across populations
We extracted the datum from the 1000 genomes Project (http:// hapmap.ncbi.nlm.nih.gov/cgi-perl/ gbrowse/hapmap3r2_B36/), containing ERCC genes polymorphisms assessed in our study. In general, populations enrolled in the project were composed of CHB (Han Chinese in Beijing, China), CEU (Utah residents with Northern and Western European ancestry from the CEPH collection), JPT (Japanese in Tokyo, Japan) and YRI (Yoruba in Ibadan, Nigeria). And we performed Haploview software to apply analyses, Moreover, for each of the above four populations, LD was assessed by I-square statistics.
Results
Study identification and characteristics of included studies
332 publications were identified after initial screening. After scoring out duplicates and screening the titles and abstracts, 305 publications were removed. Finally, 25 eligible publications were selected for further full-text review. Among these, we excluded five publications because relevant studies were less than three. We also excluded three publications because they describe the relationship of ERCCs polymorphisms with other cancer risk. Finally, 17 articles were enrolled comprising 29 case-controls studies [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] , and the researches selection process was presented in Figure S 1-4 . The general demographical characteristics of all eligible publications of the ERCC2-rs1799793/rs238406/ rs13181 and ERCC5-rs17655 polymorphisms were summarized in Table 1 . For ERCC2-rs1799793 polymorphism, 11 eligible studies with 3,913 cases and 5,085 controls were enrolled in our meta-analysis. Five of these studies were performed in Caucasian ethnicity, two in Asian ethnicity, only one in African ethnicity and the others was mixed ethnicity (more than two descendants). Controls of five researches were hospital-based (H-B), while others were population-based (P-B). The genotype distributions of ERCC2-rs1799793 in the controls were totally consistent with HWE, except for three studies [18, 24] . For ERCC2-rs238406 polymorphism, four studies with 2,017 cases and 2,097 controls were selected for the present meta-analysis. Two studies were performed in Asian populations and the other two studies were conducted in Caucasian populations. The controls in three studies were P-B, and one was H-B. Additionally, the distributions of ERCC2-rs238406 polymorphisms genotype conformed to HWE, except for one study. For ERCC2-rs13181 polymorphism, we analyzed 11 studies with 4,456 cases and 4,946 controls. Four studies were in Asian ethnicity, four studies were in Caucasian ethnicity, one study was in African ethnicity and the rest of studies were mixed ethnicity. Controls in six studies were P-B, and three were H-B. As for HWE status, the genotype distributions of three studies were not in accordance with HWE [18, 24] . For ERCC5-rs17655 polymorphism, three studies with 1,040 cases and 1,229 controls met the inclusion criteria. They were performed in Asian, Caucasian and African ethnicity, respectively. One study was P-B, and other two studies were H-B. Additionally, the distributions of ERCC5-rs17655 polymorphism genotype were consistent with HWE, except for one studies [19] . We evaluated the quality of included studies by Newcastle-Ottawa Scale (NOS), and the outcomes were presented in Table S 1.
Quantitative synthesis and Subgroup analyses
Forest plots were applied to show meta-analysis results for each genetic polymorphism, and we calculated summary ORs for the pooling publications to assess the relationship between those polymorphisms and PCa risk. The results of the relationship between polymorphisms in ERCC2 and ERCC5 and PCa risk were shown in Table 2 .
Overall, no statistical connection was observed for the relationship between the polymorphism in rs1799793 and PCa risk (Figure 1) . Nevertheless, subgroup analysis based on ethnicity revealed that rs1799793 polymorphism was relevant to the increased susceptibility to Pca in Asian population in the allelic model (B vs. A: OR = 1.537, 95%CI = 1.240-1.906, PA < 0.001), the homozygous model (BB vs. AA: OR = 2.089, 95%CI: 1.388-3.145, P A < 0.001) and the recessive model (BB vs. BA+AA: OR = 1.929, 95%CI = 1.313-2.835, P A = 0.020), as showing in Figure  S 16 . Furthermore, we did not find any significant results between ERCC2-rs1799793 polymorphism and PCa risk for the subgroup analyses based on the source of control and HWE status. PH: P value of heterogeneity; PZ: P value of Z test; PA: adjusted P value (PA = PZ *3 polymorphisms * 5 genetic models, and PA<0.05 means statistically significant); A: wild allele; B: mutated allele; HWE: Hardy Weinberg Equilibrium; H-B: hospital-based; P-B: population-based; Y: study conformed to HWE; N: study did not conform to HWE Figure 1 . Forest plots of the association between ERCC2-rs1799793 polymorphism and the risk of prostate cancer (B vs. A). Each square indicates a study, and the area of squares is proportional to the weight of the study. The diamond represents the summary OR and 95% CI. CI= confidence interval, OR= odds ratio.
For ERCC2-rs238406, ERCC2-rs13181 polymorphisms, no significant associations were identified between gene polymorphisms and PCa risk ( Figure S  5-6) . Similarly, there was no significant relationship between ERCC5-rs17655 polymorphism and PCa risk (Figure 2) . The subgroup analysis suggested that the ERCC2-rs238406, ERCC2-rs13181 and ERCC5-rs17655 polymorphisms were not statistically related to PCa based on the source of controls, ethnicity and HWE status.
Sensitivity analyses and publication bias
To better examine the influence of each study on the pooled OR, we conducted one-way sensitivity analyses by excluding each study, once at a time in every genetic model for rs1799793, rs238406, rs13181 and rs17655. The sensitivity analyses demonstrated that the ORs were not statistically influenced, which validated the stability of our data (Table S 2, Figure S 7-10). We used the Begg's funnel plots and Egger's regression tests to explore the potential publication bias for each gene polymorphism (Table S 3, Figure S  11-14) . As for rs238406, rs13181 and rs17655, the shape of funnel plots and the Egger's regression tests results revealed no significant publication bias. For rs1799793, publication bias was identified in subgroup analyses of H-B and studies are not consistent with HWE, which could be graphically identified from the shape of funnel plot as well.
LD Analyses Across Populations
For a better understanding of this plot synthesis, we respectively conducted LD analysis to examine the presence of bins in the region containing these variants in each ERCC2 genes (polymorphisms including ERCC2-rs1799793, ERCC2-rs238406 and ERCC2-rs13181), and the detail information was presented in Table S 
Discussion
The present meta-analysis investigated the connections between four commonly studied polymorphisms (ERCC2-rs1799793/rs238406/rs13181 and ERCC5-rs17655) and the PCa risk. Finally, a total of 11,427 cases and 13,358 controls from 27 publications were enrolled in our analysis. The overall results suggested that none of these polymorphisms was connected with the risk of PCa. However, when the subgroup analysis was performed by ethnicity, the ERCC2-rs1799793 variant homozygous genotype was identified statistically related to the risk of PCa.
Among various carcinogenic factors, DNA damage could be one of the most frequently reported pathogenesis and could further result in genomic instability. Therefore, sequence variants in DNA repair genes, which are important in maintaining DNA stability, may affect DNA repair capacity and consequently increase an individual's susceptibility to PCa. Numerous studies have explored the the relationship between DNA repair gene ERCC2 polymorphisms and cancer risk. Bau et al. [18] observed a significant difference in the frequency of the ERCC2-rs1799793 genotype between the PCa and control groups in Asian populations. Mandal et al. [30] found that ERCC2-rs1799793 variant BB genotype was related to increased risk for PCa. Meanwhile, ERCC5 gene also plays a crucial role in the DNA repair machinery. It is generally accepted that severe autosomal recessive diseases, such as XP, CS and TTD may result from the defects of ERCC5 [34] . Several publications have reported that ERCC5 polymorphisms are related to the development of a variety of cancers, such as breast cancer [35] , bladder cancer [36] and PCa [20] . Thus, it seems that deficiency in the DNA repair gene ERCC2 and ERCC5 are thought to have a central role in the modulation of PCa susceptibility.
Nevertheless, the present meta-analysis revealed no overall associations for the relationship between the ERCC2-rs1799793, ERCC2-rs238406, ERCC2- rs13181, ERCC5-rs17655 polymorphisms and the PCa risk. Our results were consistent with the findings of Agalliuet al [25] but different from Mirecka et al [22] who found polymorphism in ERCC2 gene appeared to be connected with the risk of PCa. Furthermore, when subgroup analysis was stratified by ethnicity, ERCC2-rs1799793 polymorphism was observed to be related to an increased risk of PCa in Asian population. Besides, stratification analyses according to the source of controls, ethnicity and HWE status, no significant results were identified for ERCC2-rs13181, ERCC2-rs238406 and ERCC5-rs17655 polymorphisms.
A comparison of the polymorphisms of ERCC2 and ERCC5 that did not present a noteworthy connection with PCa may be owing to the characteristics of low-penetrance genes. It is widely accepted that cancer etiology is polygenic and has a complex disease phenotype, thus, single genetic polymorphism is frequently inadequate to prognosticate the risk of cancer. For different carcinogens and different tumors, DNA repair may occur in a rather unspecified pattern. Although some investigators have explained the tissue-specific balance between apoptotic signals and repair effects in different tissues, the result that certain SNPs seem to appear to be in opposite risk trends at distinct carcinoma sites may be more likely owing to chance.
There are some advantages in our research that need to be point out. Firstly, as no studies had covered all the available ERCC genes polymorphisms [37] [38] [39] to fully illustrate the relationship between ERCC polymorphisms and Pca, we applied a systematic document retrieval and acquire 17 qualified researches comprising 29 case-controls studies concerning the relationships between four reported ERCC genes polymorphisms and the PCa risk, which is our best advantage compared to other published articles. Secondly, quality of all the enrolled studies was assessed by Newcastle-Ottawa Scale (NOS) to avoid low quality studies affecting the overall quality. Fourthly, subgroup analysis was performed by ethnicity, source of control and HWE for the identification of the possible sources of heterogeneity. Thirdly, the data in our analysis were adjusted on the basis of the corresponding formula increasing the accuracy of the results. Lastly, the effect of each study on the pooled OR was tested using sensitivity analyses, and publication bias was evaluated by Egger's test and Begg's funnel plot.
However, there are several deficiencies in our study that should be addressed. Firstly, the number of enrolled studies for each polymorphism was insufficient, particularly the studies analyzing the rs17655 polymorphism (only three case-control studies), making it more difficult for us to find the statistical relationship between ERCC5-rs17655 and PCa risk. Secondly, histological types of PCa may be different amongst different researches. It is more reasonable to compare the relationship between ERCC polymorphism with Pca risk in the same histological type as certain polymorphisms may not be susceptibility for all Pca histological types. Thirdly, as for ethnicity subgroup analysis, the involved ethnicities were limited (only Asian, African and Caucasian population) and further studies of a larger sample size were needed to explore the influences of different ethnicities. Meanwhile, there were only two studies concerning ERCC2-rs238406 polymorphisms in Asian populations even we updated the search with more acquired databases till the lasted time, which may result in less rigorous of the conclusion. Lastly, several potentially confounding factors were not noted in this study, such as the age, smoking, alcohol consumption, lifestyles, environmental factors and so on.
In conclusion, our study demonstrates that ERCC2-rs1799793 polymorphism may be a risk factor for PCa in Asian population. Future functional researches with more ethnicities and participants are warranted to assess the more comprehensive influence of the genes encompassed in DNA repair genes and risk of PCa. And we are starting to collect clinical prostate cancer samples and paired normal control samples for further micro gene chips test, aiming to get more credible verification of the relationship between the ERCC2-rs1799793, ERCC2-rs238406, ERCC2-rs13181 and ERCC5-rs17655 polymorphisms and Pca.
